Aim/Background: Chalcones are one of the important class of compounds possessing a wide range of biological properties [Dinmock 1999, Go 2005. One of the extensive area in research on chalcones is expressed in terms of their ability to act on various cancer cell lines by a variety of molecular mechanisms. Chalcones possessing methoxy groups, a trimethoxy substituted chalcone (PGHSD 234) is the most potent chalcone with cytotoxicity comparable to the standard drugs. Materials and Methods: The antioxidant potential in terms of their free radical scavenging ability and antiproliferative activities were evaluated. Log P value and cyclic Voltammetric studies were carried out to assess their hydrophobicity and to determine their anti-oxidant potential. MTT (methyl tetrazolium) assay was performed on two cell lines including Vero and MCF-7 cell lines. Molecular docking studies were performed to assess the binding pattern of synthesized chalcones into the ATP binding site of CDK2/Cyclin A protein target. Results: The MTT assay results showed the effect of various substituents on the chalcone template that could influence their cytotoxic effect. The hydrophobicity of the synthesized compounds were reported as distribution coefficient (Log D) and all the compounds showed Log D values in the range of 1.45-4.0. The cyclic voltammetric studies revealed their irreversible oxidation potential and were found in the range of -0.400 to -0.654. Conclusion: The present study provides insight for the better understanding of mechanistic studies of N-methyl piperidinyl chalcones against anticancer targets such as CDK and aromatase identified in breast cancer.
INTRODUCTION
Chalcones are one of the important class of compounds possessing a wide range of biological properties [Dinmock 1999 , Go 2005 . One of the extensive area in research on chalcones is expressed in terms of their ability to act on various cancer cell lines by a variety of molecular mechanisms. 1 They exert anticancer activity by several mechanisms including inhibition of angiogenesis, interfering with p53 pathways, 2 inducing mitochondrial uncoupling and also act at different phases of cell cycle. 3, 4 Chalcones have unique structural feature, which is responsible for its antimitotic activity. The unsaturated enone moiety present in chalcones can directly interact with the thiol (-SH) residue at the substrate binding pocket of tubulin where, it competes for the colchicine binding site resulting in the disruption of tubulin polymerization and inhibition of mitosis. 5, 6 Extensive literature search provided the information on methoxylated chalcones and their role in the inhibition of mitosis which can be further correlated to the structures of antimitotic agents like Combrestatin A and colchicine having number of methoxy substituents. Chalcones possessing methoxy groups, a trimethoxy substituted chalcone (PGHSD 234) is the most potent chalcone with cytotoxicity comparable to the standard drugs. It has a percentage inhibition value of 0.21nM showing cytotoxicity against K562 lymphocytic leukemia cells and also a good disruptor of microtubule assembly with a percentage inhibition value of 0.5 µM. It is noteworthy to mention the importance of methoxy group in chalcones, for instance, the increase in the number of methoxy groups could drastically increase the lipophilicity and thus reduces their water solubility and drug-likeliness. One of the crucial approaches used to manipulate the lipophilicity induced by methoxy groups is to, acquaint the chalcone template with hydrophilic substituents. The substitution with basic aliphatic amino entity, that are easily protonated at the physiological pH, is an intelligent approach. In the present investigation, the synthesis of a novel series of methoxy substituted chalcones substituted with a basic N-methylpiperidinyl group on the ring was undertaken. The introduction of N-Methyl piperidinyl substitution has a prominent effect on the physicochemical characteristics of the test compounds. It is (pKa 10) protonated at physiological pH, which could enhance its aqueous solubility. The basic characteristics of the piperidine ring is solely responsible for many types of interactions, one of them being hydrogen bonding interactions at the active sites of many targets. Interestingly, many of the research groups have reported enhanced selectivity as well as potency in such systems.
MATERIALS AND METHODS

Molecular docking studies
The docking study was performed with maestro molecular modeling platform (version 10.5) available with Schrödinger, LLC.
Step wise docking protocol
Protein Preparation
The ligand bound three-dimensional X-ray structure was obtained from the Protein Data Bank [PDB] ID: 4 FX3) 7 with high resolution. The protein preparation was done by protein preparation wizard application. It includes steps such as preparation as well as refinement.
Ligand Preparation
The ligand preparation was done using ligprep tool. 8 The force field OPLS 2005 was used for this purpose. The ionization states were generated using the application EPIK. In this study, a series of 10 N-methyl piperidinyl substituted chalcone derivatives were employed for the docking process.
Ligand Alignment
For assuring better docking poses, flexible ligand alignment was carried out.
Extra precision Glide™ Docking
GLIDE docking protocol involves two steps. In the first step, a GRID is generated and in the second step the designed ligands are docked into the active site and are scores according to their binding free energy. The XP GLIDE uses a specific algorithm, which semi quantitatively ranks the ligands by their ability to bind to a specific conformation of a protein receptor. The rigid receptor approximation used in GLIDE enable us to find out ligands with maximum steric clashes, which otherwise bind to a different conformation of the same receptor. The interaction of crystal ligand at the active site of CDK2/Cyclin A is shown in Figure 1 . Figure 2 showed the 2D interaction of the crystal ligand at the active site of CDK2/Cyclin A. The electrostatic potential surface of crystal ligand is shown in Figure 3 . The interaction of most active analogue NMC5 at the active site of CDK2/Cyclin A is presented in Figure 4 also, the 2D interaction of NMC5 is shown in Figure 5 . Figure 6 represents the electrostatic potential binding surface of most active analogue NMC5. The interaction of standard drug flavopiridol at the active site of CDK2/Cyclin A is given in Figure 7 and also, its 2D interaction is represented in Figure 8 . The electrostatic potential binding surface of flavopiridol is presented in Figure 9 . The ability of lipophilic ligands to displace water molecules from the hydrophobic sites on the receptor protein: Displacement of water molecules from the binding cavity into the bulk is an energetically favourable process. The stagnant water molecules will decrease the entropy of the system whereby, they drastically increase the binding free energy. Suitably designed lipophilic ligands will displace water molecules from the binding surface into the bulk and are positive contributors for the entropy.
Protein-ligand hydrogen bonding interactions as well as other type of columbic interactions
The quality and types of hydrogen bonding that takes place between the ligand and active site residues has a large impact on binding affinity. Other type of interactions includes, electrostatic interactions also contribute largely to the binding affinity.
Desolation effects
Polar or charged groups of either ligand or the residues, were formerly solvent exposed were desolated resulting in either partial or total loss of their ability to make hydrogen bonds. The final outcome was a decrease in binding affinity. tein residue will have direct effects on the entropy and thereby, decrease the binding affinity.
Metal ligand interactions
Ligand interacting with a metal ion will have positive effect on binding affinity. Generally, a large number of empirical functions have been derived for the assessment of binding affinity between a ligand and a protein target. One of the highly utilised functions is Chem Score. Chem score contains a hydrophobic atom-atom pair energy term represented in the form of:
Here i and j refer to the lipophilic atoms and rij refers to the interatomic distance between the two atoms. Chem score evaluates the protein ligand interactions based on the geometric criteria. It does not consider desolvating effects. It also uses simple rotational bond term to calculate the entropy arising due to the restricted rotation.
Extra precision docking rewards and penalties
Reward for hydrophobic enclosure reward
Planar aromatic rings are enclosed between the hydrophobic protein residues would contribute positively to the binding affinity. The hydrophobic enclosure reward for the crystal ligand, flavopiridol and active analogue NMC5 is given in Figures 10, 12 and 14 respectively.
Reward for the hydrophobically packed hydrogen bonds
Ligand groups forming hydrogen bonding interactions with the hydrophobic groups of protein in the Hinge region will get a reward of 3-4 KJ/Mole. Whereas, reward for hydrophobically packed hydrogen bonds are presented in the Figure 11 and 13 respectively.
Electrostatic rewards
This could happen in one of the several circumstances. Ligand groups with charges engrossed in the low electrostatic potential environments. Existence of Zwitterionic configurations increases the total electrostatic attraction. When positive group of the ligand binds to a weekly solvated negative group of protein.
Extra precision docking penalties
Rotational penalties: This could arise because of a large number of rotatable bonds in ligand groups. Solvent exposure penalties: Large groups present in ligands will receive solvent exposure penalty. 
Entropic effects due to the steric restriction of either the protein or the ligand groups
Partial or total restriction of rotational or vibrational motion of either the ligand group or the interactive pro-(100 ml) solvent on an ice bath maintained at 5°C. Further, hydrochloric acid (10ml) was slowly added to the reaction mixture for about 1 h and later the reaction mixture was stirred for 24 h at 25°C. It was then heated at the temperature of 90-100°C for about 3 h. 9 The solvent was removed using Rota evaporator and further diluted with distilled water. The aqueous solution was then basified using 1 molar sodium hydroxide and the product was filtered, dried and recrystallized with a mixture of acetone and water. The compound was characterized by spectrochemical methods. The mechanism of selective demethylation using BF3 is given in Figure 15 .
Preparation of Step II
The product of Step I (2) is reacted with Boron trifluride dimethyl etherate (3 ml, 0.005 molar) in CH 2 Cl 2 (50 ml), the freezing temperature was maintained for 4 h. After the completion of 4 h, the reaction mixture was treated with acetic anhydride (3 ml) and the reaction mixture was further stirred for 24 h. It was then diluted with distilled water and the compound was precipitated using sodium carbonate (3). The product was then recrystal- 
Validation of Docking Process
The RMSD (root mean square deviation) parameter was used to assess the accuracy of the docking protocol. The RMSD in this case was found to be 0.3 and was found well within the limit of 2.
Chemistry Instruments, chemicals and reagents
All the chemicals and regents were purchased from Sigma chemicals, SRL Ranbaxy and Cisco chemicals. Redox potential was recorded using CH-electrochemical analyzer USA, UV spectrum was recorded using Shimadzu UV-1800, IR spectrum was recorded using IR affinity from Shimadzu and Mass spectrum was recorded using LCMS utilizing APCI as ionization method, NMR spectrum was recorded using Bruker-400. complex is hydrolyzed with water to give a demethylated product, boric acid and hydrogen fluoride. A mechanism was later proposed for the ortho acylation of the demethylated product. The reaction proceeds like a classical Frie's rearrangement reaction, where, boron trifluride was used instead of anhydrous aluminum chloride, thus the reaction becomes a modification of the Frie's reaction. The present reaction is named as modified Frie's rearrangement. The mechanism of modified Frie's rearrangement reaction is given in Figure 16 .
Preparation of chalcones
Chalcones were synthesized using standard methods employing Claisen Schmidt reaction. An equimolar mixture of 3 and corresponding aldehydes were added to the alcoholic solution of potassium hydroxide and stirred for 14 h. The reaction progress was monitored by TLC using the solvent system Chloroform: methanol in the ratio of (9:1). The reaction mixture was added to the ice, filtered and recrystallized using methanol water mixture. The scheme for the synthesis of final compounds were presented in Figure 17 . 1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4,6-dimethoxyphenyl 1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4,6-dimethoxyphenyl)-3-(4-methoxy- lized using a mixture of acetone and water. The product was further characterized. A novel mechanism was proposed for the regioselective demethylation employing Boron trifluride etherate complex. BF3 complexes with one of the methoxy groups and forms an ion pair like intermediate, which then loses one fluoride ion and combines with methyl group to give methyl fluride. In the next step, the 3-(2-bromophenyl)-1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4 (2E)-3-(furan-2-yl)-1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4,6-dimethoxyphenyl)  prop-2-en-1-one (JAPC6) 3-(4-bromophenyl)-1-(3-(1,2,3 1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl) 3-(3-bromophenyl)-1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4 (2E)-1-(3-(1,2,3,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4,6-dimethoxyphenyl)-3-(4-methylthiophen-3-yl)prop-2-en-1-one(JAPC10 
,6-tetrahydro-1-methylpyridin-4-yl)-2-hydroxy-4,6-dim e t h ox y p h e ny l ) p r o p -2 -e n -1 -o n e ( JA P C 7 ) ,
Physico-chemical Characterization
Shake flask method was employed in the determination of lipophilicity of chalcones. 10 The compounds under investigation were solubilized in dimethyl sulphoxide followed by partitioning them into the biphasic system consisting of n-Octyl alcohol as organic phase and mono hydrogen phosphate buffer as aqueous phase which is presaturated at the pH of 7.4. The mixture was shaken for 24 h at 400 rpm and the lipophilicity was calculated as a ratio of the concentration of compound in aqueous phase to the concentration in the organic phase, which is expressed as LogD (distribution coefficient). The redox potential of synthesized derivatives were measured using cyclic voltammetry utilizing Glassy carbon electrode as working electrode, silver-silver chloride as reference electrode and platinum wire as counter electrode. Test compounds and standard quercetin was dissolved in methanol and were added to the counter electrolyte solution (tetra butyl ammonium perchlorate) in the uniform concentrations and were scanned at 100 mVs -1 . The physico-chemical characterization data is presented in Table 2 .
In vitro anti-oxidant and anticancer studies DPPH Radical scavenging assay 11 DPPH assay was carried out using the recommended protocols. In a 96 well plate, added 100µl of DPPH standard solution (concentration 200µM). The test compounds were dissolved in methanol at varying concentrations and finally, added to the 96 well plates. The plate was incubated for 30 min and the absorbance was measured at 517 nm using an Elisa reader. The percentage inhibition is calculated as IC 50 value.
ABTS radical scavenging assay 12 ABTS free radical scavenging activity was performed according to the standard protocols. All the tests were carried out in a 96 well plate and final concentrations were prepared in methanol. ABTS reagent was prepared and kept overnight in the dark. The light green colored reagent was then added to the different concentrations of test samples. The absorbance was measured at 690nm and % inhibition is tabulated.
Nitric oxide radical scavenging (NO) assay
Nitric oxide free radical scavenging assay was carried out using Griess reaction reagent. 13 using 1.0 ml of 20 mM sodium nitroprusside as a nitrite donor in sodium hydrogen phosphate buffer mixed with specified amount of test samples at specified concentrations. The assay was carried out in 96 well plates, samples along with Griess reagent was incubated for 24 h at ambient temperature and absorbance was measured at 540 nm. The percentage inhibition was reported as IC 50 value.
MTT assay 14 MTT assay was performed to check the cytotoxic effect of chalcones on two cell lines. The cancer cells were grown in specified media (DMEM) consisting of 8-10 % phosphate buffered saline and 50 µg mL-1 erythromycin phosphate, maintained at ambient temperature with 5% CO 2 . Specified number of cells were seeded in a 96-well plate and were incubated for a period of 24 h. Known concentration of sample solutions were prepared in DMSO. Quercetin was used as a standard drug. The absorbance was measured at 540 nm. The toxicity of the compounds on each cell lines were expressed as the IC 50 value. . The Fourier transform infrared spectrum showed a characteristic absorption peak in the range of 1604.77-1635.64 cm-1 which is assigned to the carbonyl carbon. 16 Furthermore, the NMR spectrum of the test compounds revealed structural features, namely a hydroxyl proton and protons of the alkenic double bonds. The hydroxyl proton showed a prominent singlet at 13.9 ppm and protons of the alkenic double bonds showed a double-doublet at 7.6-7.8. The final configuration of chalcones was assigned trans based on the J coupling values.
RESULTS AND DISCUSSION
Anti-oxidant, anticancer and lipophilicity determination Antioxidant studies
In the present study, anti-oxidant studies were performed for the synthesized chalcones (NMC1-10) also, the redox potential was determined using cyclic voltammeter. The results were interpreted using cyclic voltammograms. All the prepared chalcones showed an anodic peak corresponding to their oxidation potential or anodic potential (Epa) in the range of 0.422-0.658 V. Whereas, quercetin showed an antioxidant potential value of -0.691 V ( Table 2 ). The synthesized compounds showed appreciable free radical scavenging effect by both DPPH and ABTS methods when compared to Nitric oxide method, as presented in Table 2 . The ABTS radical scavenging activity of test compounds NMC5 (2-bromo derivative) and NMC10 (2-methyl thiophene derivative) with IC 50 value of 61± 3.66 and 55.23 ± 2.87, respectively, was comparable to that of the standards in the IC 50 range of 31.88± 5.87. Interestingly, amongst all the compounds tested, the compound NMC10 exhibited fairly a good antioxidant activity against ABTS radical which also showed lowest Epa of 0.480 V, supporting its in-vitro activity. The electron releasing resonance effect exerted by methoxy groups with a combination of hydroxyl group are important functional groups responsible for eliciting the antioxidant effects observed for the test compounds. Results of antioxidant studies were presented in the Table 3 . Cyclic Voltammogram of one of the representative compound, NMC5 is given in the Figure 18 .
In vitro anticancer activity
The anticancer activity for the test compounds were performed by MTT assay. The effect of test compounds on cell viability is expressed in terms of their IC 50 value and were compared with a standard drug such as doxorubicin. as shown in the Table 3 , 17 In the present study, chalcones NMC2 (benzaldehyde substituted), NMC5 (2-bromo derivative), NMC9 (3-bromomderivative) and NMC10 (2-methyl thiophene derivative) have shown a significant cytotoxicity 18 against both MCF and Vero cell lines with an IC 50 values of less than 25 micromolar which is comparatively better than that of the standard quercetin with an IC 50 value of 102 and 26.2 micromolar against Vero and MCF cell lines. respectively. Anticancer activity of the synthesized test compounds are given in Table 4 .
Determination of Lipophilicity
Lipophilicity
19 is one of the important experimental molecular descriptors, which helps in the determination of biological activity for drug candidates. In the present study, majority of the test compounds showed promising cytotoxicity, that possessed a log D values at the pH 7.4 values in the range between 2.4-4.2 as showed in Table 3 .
CONCLUSION
In the present study, we have performed the anticancer screening for different N-methyl tetrahydropyridinyl substituted 2-hydroxychalcones against two cancer cell lines. Out of the 10 chalcones tested and evaluated, the chalcones namely, NMC2, NMC5, NMC9 and NMC10 emerged out as a potent antiproliferative agents with appreciable cytotoxicity against both MCF as well as VERO cell lines. The lipophilicity and redox potential were established. The present study provides an insight for the better understanding of mechanistic studies of N-methyl piperidinyl chalcones against anticancer targets such as both CDK and aromatase expressed in breast cancer cell lines
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